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1
APPARATUS AND METHODS TO REMOVE
IMPURITIES AT A SENSOR IN A DOWNHOLE
TOOL

RELATED APPLICATION

This patent application is a continuation of U.S. patent
application Ser. No. 11/757,476, entitled “APPARATUS
AND METHODS TO REMOVE IMPURITIES AT A SEN-
SOR IN A DOWNHOLE TOOL,” filed on Jun. 4, 2007,
which claims priority to U.S. Provisional Patent Application
Ser. No. 60/852,518 filed on Oct. 18, 2006, both of which are
hereby incorporated by reference in their entireties.

FIELD OF THE DISCLOSURE

This disclosure relates generally to apparatus and methods
to remove impurities at a sensor in a downhole tool and, more
particularly, to removing impurities at a sensor during the
testing and/or sampling of formation fluid by the downhole
tool in a wellbore.

BACKGROUND

Typically, drilling rigs at the surface are used to drill bore-
holes to reach the location of subsurface oil or gas deposits
and establish fluid communication between the deposits and
the surface via the borehole. Downhole drilling equipment
may be directed or steered to the oil or gas deposits using
well-known directional drilling techniques. The drilling
equipment has a drill bit through which mud is pumped dur-
ing drilling to cool the drill bit, carry away the cuttings, and
maintain a pressure in the borehole greater than the fluid
pressure in the subterranean formations surrounding the bore-
hole. The drilling mud also forms a mud cake that lines the
borehole.

During the drilling, it is advantageous to perform evalua-
tions of the subterranean formations penetrated by the bore-
hole. The drilling equipment may be removed and a wire line
downhole tool deployed into the borehole to test and/or
sample one or more formation fluids at various stations or
positions of the wire line tool. Alternatively, the drilling
equipment of a drill string may include a downhole tool to test
and/or sample the fluids of the surrounding subterranean for-
mation. The testing and/or sampling may be accomplished by
avariety of formation testing tools that retrieve the formation
fluids at desired borehole positions or stations, test the
retrieved fluids to ensure that the retrieved fluids are substan-
tially free of mud filtrates, and collect such fluids in one or
more chambers associated with a downhole tool. The fluid
samples obtained from the subterranean formations are
brought to the surface and evaluated to determine the prop-
erties of the fluids and the condition of the subterranean
formations, and thereby locate oil and gas deposits.

The testing and/or sampling of formation fluids has been
accomplished by wire line tools or drilling equipment that
include a fluid sampling probe. The fluid sampling probe may
include a durable rubber pad that is mechanically pressed
against the borehole wall to form a hydraulic seal. The probe
may be connected to a chamber that is connected to a pump
that operates to lower the pressure in the probe. When the
pump lowers the pressure in the probe below the pressure of
the formation fluids, the formation fluids are drawn through
the probe and into the wire line or drilling equipment down-
hole tool to flush the formation fluids prior to the testing
and/or sampling.
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During the testing and/or sampling of the formation fluids,
it is important that sensors in the wire line or the drilling
equipment downhole tool provide accurate measurements.
Typically, the formation fluids contain impurities such as, for
example, drilling fluids, cuttings, mud, or different subterra-
nean fluids. Such impurities can affect significantly the opera-
tion of the sensors of the downhole tool and result in inaccu-
rate measurements during the testing and/or sampling of the
subterranean formation fluids.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a chart illustrating the test results of a fluid
viscometer used for water testing in a downhole tool.

FIG. 2 is a schematic illustration of an example downhole
tool that includes apparatus to test and/or sample surrounding
subterranean formation fluids.

FIG. 3 is an enlarged illustration of the multi-sample mod-
ule of the example downhole tool illustrated in FIG. 2.

FIG. 4 is a chart illustrating the results of creating a tran-
sient high flow rate to remove impurities at a sensor in the
example downhole tool illustrated in FIGS. 2 and 3.

FIG. 5 is a chart illustrating the results of example methods
used to create longer transient high flow rates of formation
fluid to remove impurities at a downhole sensor.

FIG. 6 is a chart illustrating the results of another example
method used to create transient high flow rates of formation
fluid to remove impurities at a downhole sensor.

FIG. 7 is a schematic illustration of a large volume sample
chamber that may be utilized in the example downhole tool
illustrated in FIG. 2.

FIG. 8 is a flowchart illustrating an example method to
remove impurities at a sensor in a downhole tool.

SUMMARY OF THE DISCLOSURE

In accordance with one example, a method to remove
impurities of a formation fluid at a sensor located in a down-
hole tool positioned in a wellbore penetrating a subterranean
formation includes providing in a wellbore a downhole tool
having a sensor in a flow line of the tool, and a flow valve in
the flow line. The flow valve is opened to create a transient
high flow rate of a formation fluid to remove impurities at the
sensor.

In accordance with another example, apparatus to remove
impurities of a formation fluid at a sensor located in a down-
hole tool positioned in a wellbore penetrating a subterranean
formation, comprise a downhole tool for a wellbore and hav-
ing a sensor in a flow line of the tool. A flow valve for the flow
line may be opened to create a transient high flow rate of a
formation fluid to remove impurities at the sensor.

DETAILED DESCRIPTION

In general, the example apparatus and methods described
herein to clean or remove impurities at a sensor in a downhole
tool may be utilized in various types of drilling operations to
testand/or collect uncontaminated formation fluids for evalu-
ation. Additionally, while the examples are described in con-
nection with drilling operations for the oil and gas industry,
the examples described herein may be more generally appli-
cable to a variety of drilling operations for different purposes.

A sensor that provides accurate measurements in a labora-
tory environment may provide less accurate measurements
when the sensor is located in a downhole environment. A
challenge of conducting downhole testing and/or sampling is
to ensure that a sensor in a downhole tool is free of impurities
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typically contained in formation fluid samples. Such impuri-
ties may include drilling fluids, cuttings, mud, or different
subterranean reservoir fluids (e.g., water, oil, or gas). Thus,
the impurities can reduce substantially the accuracy of the
measurements of the downhole sensor and decrease the value
of conducting such testing and/or sampling. The chart of FIG.
1 illustrates the known effect of a downhole environment
upon the water sample measurements of a downhole fluid
viscometer. The downhole fluid viscometer has an accuracy
range of approximately ten percent under laboratory condi-
tions. In the chart of FIG. 1, the curve A includes viscosity
measurements that correspond to changes in the speed of a
downhole pump of the downhole tool. The portion B of the
curve A shows relatively large fluctuations in the magnitude
of'the measured viscosity. In a similar manner, a portion C of
the curve A shows significant fluctuations in the measured
viscosity. [t was determined that the flow rate of the formation
fluid (water) transmitted by the pump of the downhole tool
was insufficient to clean impurities from the measurement
surfaces of the downhole fluid viscometer. The impurities
present in the water sample caused the downhole fluid vis-
cometer to produce inaccurate measurements. Generally, the
flow rate of a downhole pump of a downhole tool is limited
mainly by the mobility of the formation fluid being pumped,
the area of an opening through which the formation fluid
flows, and the maximum pressure differential permitted to
prevent the pressure of the pumped formation fluid from
dropping below the saturation pressure and resulting in either
the tool becoming plugged or a loss of the borehole seal at the
probe.

FIG. 2 is a schematic illustration of an example downhole
tool 100 that includes apparatus to test and/or sample sur-
rounding subterranean formation fluids in a borehole 110.
The example downhole tool 100 may be a wire line tool or
part of the drilling equipment of a drill string. The example
downhole tool 100 is illustrated schematically as located in
the borehole 110 and a probe 121 is deployed to collect a
formation fluid sample at a subterranean formation station or
position 112. The example downhole tool 100 includes a flow
line 180 passing through several modules of apparatus such
as, for example, a probe module 120, a hydraulic power
module 130, a fluid analyzer module 140, a multi-sample
module 150, a large sample chamber module 160, and a
pump-out module 170. The modules 120, 130, 140, 150, 160
and 170 may be arranged in different positions relative to one
another in the example downhole tool 100.

The probe module 120 includes a pair of backup pistons
123 shown in an extended mode to engage the borehole 110
when the probe 121 also is extended to engage the borehole
110. The probe 121 includes a seal or packer 122, a platform
124, one or more pistons 126 and a probe flow line 128. The
probe flow line 128 is connected to the flow line 180 and
includes a pressure sensor 127 and a valve 129 shown in an
open mode to block fluid flow.

The hydraulic power module 130 is located above the
probe module 120 and includes a hydraulic pump 132 and a
flow line sensor 134 to displace fluid and provide information
on the flow rate of the fiuid in the flow line 180. The fluid
analyzer module 140 is adjacent the hydraulic power module
130 and contains another flow line sensor 142 and a fluid
sensor or analyzer 144. Although illustrated as having an
optical emitter and a receiver, the fluid sensor 144 may be any
of numerous types of sensors such as, for example, a viscom-
eter to measure the viscosity of fluid samples, or a spectrom-
eter to determine the density of fluid samples.

The multi-sample module 150 is located adjacent the fluid
analyzer module 140. The multi-sample module 150 includes
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isolation valves 152 and 154 in the flow line 180 and a plu-
rality of low-pressure sample chambers 155 connected via
flow valves or exo-valves 156 and connecting flow lines 157
and 158 to the flow line 180.

The flow line 180 continues through the large sample
chamber module 160 that includes a large volume sample
chamber 162 and an isolation or flow valve 164, and through
a pump-out module 170 containing yet another flow line
sensor 172, to an outlet or flow valve 174 and an outlet port
176.

The example downhole tool 100 is illustrated as having the
flow line sensors 134, 142, 172 and the fluid sensor 144 at
certain locations. However, such locations are just illustrative
examples of the locations and types of sensors that may be
contained within the example downhole tool 100. It is con-
templated that numerous types of sensors to monitor param-
eters such as, for example, viscosity, density or flow, may be
located and operated in numerous arrangements within the
example downhole tool 100 during the testing an/or sampling
of formation fluids at various subterranean formation stations
in the borehole 110.

FIG. 3 is an enlarged illustration of the multi-sample mod-
ule 150 of the downhole example downhole tool 100 illus-
trated in FIG. 2. The flow line 180 communicates with the
connecting flow line 158 that includes check valves 182 and
184 to permit fluid to flow and bypass the low-pressure cham-
bers 155. Branching off the connecting flow line 158 are
connecting lines 1574 and 1575, which connect the outlet
ends of sample chambers 155 to the flow line 158. Each of the
connecting lines 157a and 1575 includes a flow restriction
159. The sample chambers 155 comprise individual sample
chambers 155a, 1555, and 155¢ in an upper portion 150a of
the multi-sample module 150, and individual sample cham-
bers 155d, 155¢, and 155/ in a lower portion 1505 of the
multi-sample module 150. Each sample chamber 155a-f has
both a respective in-flow line (e.g., 155ai, 155bi, 155¢i, etc.)
and an out-flow line (e.g., 155a0, 15560, 155c¢0, etc.) wherein
the outflow lines 155a0-co communicate with the connecting
line 157a and the outflow lines 155do-fo communicate with
the connecting line 1575. Each in-flow line 155a4i-fi includes
a respective pair of electrically operated flow valves or exo-
valves 156 (e.g., 1564, and 156a,, 1565, and 1565,, 156¢,
and 156¢,, etc.). The flow valves 156 are electronically-op-
erated valves which, when activated, change position from
open to closed or closed to open. Alternatively, other types of
flow valves having more functional capabilities may be uti-
lized in the multi-sample module 150. An out-flow valve
155ao0v-fov is located at the bottom of each sample chamber
155a-f and communicates the interior of the respective
sample chamber 155a-f'with wellbore fluid within the multi-
sample module 150.

Each sample chamber 155a-f'includes a piston 155p. On a
side adjacent an associated in-flow line 1554i-f1, each piston
155p has a pressure (e.g., such as atmospheric pressure) sig-
nificantly lower than the pressure of the formation fluid
present at the station 112. At an opposite lower side of each
piston 155p, water or any other appropriate fluid is contained
within the associated sample chamber 155a-f.

The example downhole tool 100 may be operated to clean
one or more of the sensors 134,142, 144 and 172 and to retain
asample of the formation fluid in one or more selected sample
chambers 155a-f. At the probe module 120, the back-up pis-
tons 123 and the probe 121 are deployed, the valve 129 is
opened and the hydraulic pump 132 then operated to transmit
formation fluid through the flow line 180 to the outlet port 176
and out into the borehole 110. When testing of a formation
fluid in the borehole 110 is to be conducted and/or a sample to
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be obtained and retained in a sample chamber 1554-f of the
multi-sample module 150, the hydraulic pump 132 ceases
operation and the isolation valve 154 is closed (see FIGS. 2 &
3). The closure of the isolation valve 154 stops the unre-
stricted flow of formation fluid directly through the flow line
180 to the outlet port 176 and the borehole 110, and selects the
flow line sensors 132 and 134 and the fluid sensor 144 to be
cleaned. The formation fluid in the flow line 180 below the
isolation valve 154 will flow upwardly to either the upper
portion 150a or the lower portion 15056 of the multi-sample
module 150. The formation fluid can flow through any of the
in-flow lines 155ai-fi to an associated sample chamber 155a-

Referring to the upper portion 150a of the multi-sample
module 150 in FIG. 3, the illustrated operational modes of the
individual sample chambers 1554, 1555 and 155¢ will be
utilized to show how one sample chamber may be used to
clean a sensor in the example downhole tool 100 during a
testing and/or sampling of formation fluid at the station 112 of
the borehole 110. For example, the sample chamber 155ais in
an unused mode whereby the piston 155p is located adjacent
the top of the sample chamber 1554, and a low pressure fluid
(e.g., air) is present between the piston 155p and the top of the
sample chamber while fluid such as, for example, water is
located within the sample chamber 1554 below the piston
155p. The exo-valve 156a, in the in-flow line 15547 is in a
closed position and the exo-valve 156a, is in an open position.
When the exo-valve 1564, his opened, formation fluid will
flow into the sample chamber 155a. This operation is illus-
trated by the sample chamber 1556 which has just been acti-
vated whereby the exo-valve 1565, in the in-flow line 155bi
has been opened so that the formation fluid (which is at a
considerably higher pressure of several thousand pounds per
square inch (psi) for surface wells and up to 35,000 psi for
deep wells) has displaced the piston 155p slightly down-
wardly in the sample chamber 1556. When the exo-valve
15654, is opened, the low-pressure fluid above the piston 155p
is rapidly compressed due to the much greater pressure of the
formation fluid. The opening of the exo-valve 1565, initially
creates a transient high flow rate of formation fluid across or
at the selected flow line sensors 134 and 142 and the selected
fluid sensor 144 in the flow line 180. The transient high flow
rate of formation fluid cleans or removes contaminants such
as impurities from the sensing surfaces (not shown) of the
selected sensors 134, 142 and 144 to enable more accurate
measurements of the formation fluid.

Although the opening of the exo-valve 1565, initially cre-
ates a transient high flow rate of formation fluid across the
selected sensors 134, 142 and 144, the compression of the
low-pressure fluid above the piston 155p in the sample cham-
ber 1555 results in a diversion of a small volume of formation
fluid into the sample chamber 1555. After the initial compres-
sion of the low-pressure fluid by the formation fluid above the
piston 155p, the fluid on the other side of the piston 155p
flows through the out-flow valve 155bov to the wellbore fluid
located around the sample chambers 155. Thus, after the
initial opening of the exo-valve 1565, the formation fluid that
subsequently fills the sample chamber 1555 is not affected by
the initial transient high flow rate of formation fluid and is
representative of the formation fluid being sampled at the
subterranean formation station 112.

When the sample chamber 1555 is filled with sampled
formation fluid, the exo-valve 1565, is closed to isolate the
sample chamber 15556 and retain the formation fluid sample.
This is illustrated in FIG. 3 by the sample chamber 155¢,
which contains a sample of formation fluid contained or cap-
tured between the closed exo-valve 156¢, and the piston
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155p. In the sample chamber 155¢, the piston 155p is located
at the bottom of the sample chamber 155¢, which is full of the
sampled formation fluid, and in the in-flow line 155¢i the
exo-valve 156¢, has been closed. The sample of the formation
fluid may be retained in the chamber 155¢ and subsequently
brought to the surface for further evaluation. After testing
and/or sampling the formation fluid from a subterranean for-
mation station such as, for example, the station 112 in FIG. 2,
the isolation valve 154 is opened and operation of the pump
132 may resume. The pump 132 may be subsequently deac-
tivated and the example downhole tool 100 moved to another
subterranean formation station for testing and/or sampling
including the selective cleaning of sensors and filling of any
of the sample chambers 1554-f'that have not been utilized.

Different sensors, such as, for example, the flow line sensor
172, located above the multi-sample module 150 may be
selected for cleaning. For example, after the isolation valve
152 is closed (see FIGS. 2 & 3), the hydraulic pump 132
ceases operation. The closure of the isolation valve 152 stops
the unrestricted flow of formation fiuid through the flow line
180 located below the lower portion 1505 to the sample
chambers 155a-f1n the multi-sample module 150, and selects
the flow line sensor 172 for cleaning. The formation fluid in
the flow line 180 above the isolation valve 152 can flow
downwardly to either the upper portion 150a or the lower
portion 1505 of the multi-sample module 150, and through
any of the in-flow lines 155ai-fi to an associated sample
chamber 155a-f.

Referring again to the upper portion 150a of the multi-
sample module 150 in FIG. 3, the illustrated operational
modes of the sample chambers 155a, 1556 and 155¢ also
demonstrate how a sample chamber 155 may be utilized to
clean the flow line sensor 172 during a testing and/or sam-
pling of formation fluid at the station 112 of the borehole 110.
For example, the sample chamber 1555 can be activated by
opening the exo-valve 1565, in the in-flow line 1555i so that
the formation fluid in the flow line 180 displaces the piston
155p slightly downwardly in the sample chamber 1555.
When the exo-valve 1565, is opened, the low pressure fluid
above the piston 155p is rapidly compressed due to the much
greater pressure of the formation fluid. The opening of the
exo-valve 1564, initially creates a transient high flow rate of
formation fluid across or at the sensor surface (not shown) of
the selected flow line sensor 172 in the flow line 180. The
transient high flow rate of formation fluid cleans or removes
contaminants or impurities from the selected sensor 172 to
enable more accurate measurements to be accomplished.
Although the opening of the exo-valve 1565, initially creates
atransient high flow rate of formation fluid across the selected
sensor 172, the compression of the low-pressure fluid above
the piston 155p in the sample chamber 15556 results in a
diversion of but a small volume of formation fluid into the
sample chamber 1555. After the initial compression of the
low-pressure fluid by the formation fluid above the piston
155p in the sample chamber 1555, the fluid on the other side
of'the piston 155p flows through the out-flow valve 155b0v to
the wellbore fluid located around the sample chambers 155.
Thus, after the initial opening of the exo-valve 15654, the
formation fluid that subsequently fills the sample chamber
1555 is not affected by the initial transient high flow rate of
formation fluid and is representative of the formation fluid
being sampled at the subterranean formation station 112.

As described above, when the sample chamber 1555 is
filled with the sampled formation fluid, the exo-valve 1565, is
closed to isolate the sample chamber 1555 and retain the
formation fluid sample. This is illustrated in FIG. 3 by the
sample chamber 155¢, which contains a sample of the forma-
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tion fluid contained or captured between the closed exo-valve
156c, and the piston 155p. In the sample chamber 155¢, the
piston 155p is located at the bottom of the sample chamber
155¢, which is full of the sampled formation fluid, and in the
in-flow line 155¢i the exo-valve 156¢, has been closed. The
sampled formation fluid may be retained in the chamber 155¢
and subsequently brought to the surface for further evalua-
tion. After testing and/or sampling the formation fluid from a
subterranean formation station such as, for example, the sta-
tion 112 in FIG. 2, the isolation valve 152 is opened, and the
operation of the pump 132 may resume. The pump 132 may
be subsequently deactivated and the example downhole tool
100 moved to another subterranean formation station for test-
ing and/or sampling including the selective cleaning of sen-
sors and filling of any of the sample chambers 155a-f that
have not been utilized.

The creation of a transient high flow rate of formation fluid
across or at one or more selected sensor(s) cleans or removes
effectively impurities away from the measuring surfaces of
the sensors. FIG. 4 is a chart illustrating the results of creating
the transient high flow rate of formation fluid to clean a sensor
in a downhole tool such as, for example, the example down-
hole tool 100 illustrated in FIGS. 2 and 3. A viscometer
located in a downhole tool measured the viscosity of a sub-
terranean formation fluid, and a curve A in FIG. 4 represents
the measured viscosity. The initial part B of the curve A
illustrates a significantly wide range of viscosity values for
the formation fluid being analyzed or tested. However, a flow
valve was opened for a sample chamber which has a low-
pressure fluid between the sample chamber piston and the
flow valve (e.g., such as in FIG. 3 illustrating the opened
exo-valve 1565, for the sample chamber 1556 which has a
low-pressure fluid between the piston 155p and the exo-valve
1564,). The transient high flow rate of formation fluid created
by opening the sample chamber cleaned or removed effec-
tively the impurities away from the measuring or sensing
surface of the viscometer which then, at part C of curve A,
measured accurately the viscosity of the subterranean forma-
tion fluid.

Referring again to FIGS. 2 and 3, the example downhole
tool 100 may be operated by other example methods to clean
selectively either the sensors 134, 142, 144 or the sensor 172
in the flow line 180. For example, the isolation valve 154 may
be closed while the pump 132 continues to operate to transmit
formation fluid from the probe 121 through the flow line 180
to the sample chambers 155 of the multi-sample module 150.
When an exo-valve such as, for example, the exo-valve 1555,
in the in-flow line 155bi of the sample chamber 1555, is
opened to create initially a transient high flow rate of forma-
tion fluid to clean the sensors 134, 142 and 144, the continued
operation of the pump 132 can enhance the movement of
formation fluid through the flow line 180 and the in-flow line
155bi. The operation of the pump 132 during and after the
opening of the exo-valve 1565, in the in-flow line 1555/ can
increase the velocity of the initial high flow rate of formation
fluid into the sample chamber 1555 to remove or clean impu-
rities from the sensing surfaces of the sensors 134, 142 and
144. After the initial high rate of flow of formation fluid into
the chamber 1554, the pump 132 transmits the formation fluid
into the sample chamber 1555 to move the piston 155p down-
wardly and cause the fluid (e.g., water or buffer fluid) behind
the piston 155p to move through the out-flow valve 155b0v to
the wellbore fluid located around the sample chambers 155.

An alternate configuration (not shown) of the downhole
tool 100 illustrated in FIGS. 2 and 3 may include the pump
132 having its inlet connected to the connecting lines 1574
and/or 157b. The positions of the out-flow valves 155a0v-fov
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are changed so that the sample chambers 155a-f communi-
cate fluid with the associated connecting lines 1574 and 1575.
Thus, when the pump 132 is operating and, as described
above, one of the exo-valves 1554, -f,, such as the exo-valve
155b,, is opened, the pump 132 pulls the water or other
appropriate fluid from the associated sample chamber 1555
into the connecting line 1574 for flow to the outlet valve 176.

Referring again to FIG. 2, the example downhole tool 100
includes the large volume sample chamber 162 in the large
sample chamber module 160. The isolation or flow valve 164
is located in a connecting line 165 and is in a closed mode to
isolate the large volume sample chamber 162 from the flow
line 180. The large volume sample chamber 162 includes a
main chamber 166 containing a piston 168 and has a low-
pressure fluid such as, for example, air at atmospheric pres-
sure, between the piston 166 and the flow valve 164, and also
has a low-pressure fluid at the other side of the piston 166 in
the main chamber 166.

The large volume sample chamber 162 of the example
downhole tool 100 may be used to clean the sensing surfaces
of'the sensors 134, 142, 144 and 172 and to retain a sample of
the formation fluid in the main chamber 166. The flow valve
164 may be closed and then opened more than one time to
create a series of transient high flow rates in the flow line 180.
Because the large volume sample chamber 162 can retain a
larger volume than one of the sample chambers 155, the flow
valve 164 can be cycled open and closed a number of times
during the filling of the main chamber 166 with the higher
pressure formation fluid.

The example downhole tool 100 may be operated to
achieve another example method of cleaning the sensors 134,
142, 144 and 172. As described herein for FIGS. 2 and 3, one
of the sample chambers 155a-f may be used to create a tran-
sient high flow rate of formation fluid when its associated
exo-valve 156a,-f; is opened. However, a series of transient
high flow rates may be created by opening serially more than
one sample chamber 155a-f. For example, in FIG. 3 the
sample chamber 155a may be used or activated by the open-
ing of its exo-valve 1564, and, at or before the closure of the
exo-valve 1554, to isolate the chamber 1554 from the forma-
tion fluid in the in-flow line 1554, the exo-valve 15654, is
opened to continue the transient high rate of flow of formation
fluid in the flow line 180. In a similar manner, the exo-valve
156¢, for the sample chamber 155¢ may be opened at or
before the closure of the exo-valve 1565, of the sample cham-
ber 1555. Thus, a series of the sample chambers 155a-f may
be utilized serially to create and maintain for a longer period
of'time the transient high rate of flow of formation fluid in the
flow line 180 to clean the sensors 134, 142, 144 and 172.

The opening of the flow valve 164 or an exo-valve 156a, -,
and the resulting transient high flow rate of formation fluid
may create a pressure shock in some subterranean reservoirs
and adversely affect the sampling of the formation fluid. In
such situations, the main chamber 166 of the large volume
sample chamber 162 or the interior of a sample chamber
155a-f may contain a fluid that cushions the inward move-
ment of the associated piston 162, 155p. A fluid such as, for
example, nitrogen may be present within the chamber 162 or
the interior of a sample chamber 155a-f at a pressure (e.g.,
such as, for example, above atmospheric pressure) deter-
mined to provide a desired rate of piston movement in accor-
dance with the downhole conditions.

FIG. 5 is a chart illustrating the results of either repeatedly
cycling open and closed the flow valve 164 of the large sample
module 160 or utilizing serially more than one sample cham-
ber 155 of the multi-sample chamber module 150, to create
for alonger period of time the transient high rate of flow of the
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formation fluid in the flow line 180. A density sensor, such as
the fluid sensor 144 in FIG. 2, was used to measure the density
of the formation fluid being tested and/or sampled in a down-
hole tool such as, for example, the example downhole tool
100. In FIG. 5, the curve A represents the measured density of
the formation fluid and includes initially at segment A, a wide
range of density measurements. However, the density sensor
operates much more accurately when either a large volume
sample chamber such as, for example, the large volume
sample chamber 162, is cycled open and closed repeatedly or
a series of smaller volume sample chambers such as, for
example, the sample chambers 155a-f, are opened serially, to
create a longer transient high rate of flow of the formation
fluid. Points A,, A; and A, of curve A represent the measured
density at the times a sample chamber is utilized to create a
transient high rate of flow of the formation fluid in the flow
line 180. As shown in FIG. 5, a longer transient high rate of
flow of the formation fluid results in a more accurate mea-
surement of the density of the formation fluid as a result of a
longer period of time during which impurities are cleaned
from the sensing surfaces of the density sensor 144.

Referring again to FIGS. 2 and 3, the example downhole
tool 100 may be operated by another alternative method to
clean selectively the sensors 134,142,144 and 172 in the flow
line 180. For example, the outlet or flow valve 174 may be
closed to stop fluid flow through the outlet port 176 while the
pump 132 continues to operate to draw formation fluid
through the probe 121 and into the flow line 180. The closure
of the flow valve 174 subsequently causes the pump 132 to
stall (e.g., cease to transmit fluid). The flow line sensors 134,
142 and 172 indicate when the flow of formation fluid in the
flow line 180 has ceased. The flow valve 174 can then be
opened to flow fluid through the outlet port 176 and create a
transient high flow rate of formation fluid across or at the
sensing surfaces of the flow line sensors 134,142,172 and the
fluid sensor 144 (e.g., the fluid sensor 144 being, for example,
a density sensor) to remove or clean impurities from the
sensing surfaces.

FIG. 6 is a chart illustrating the results of the above-de-
scribed method of closing the flow valve 174 to stall the pump
132 and then opening the flow valve 174 to create a transient
high flow rate of formation fluid in the flow line 180 illus-
trated in FIG. 2. A fluid sensor 144 such as, for example, a
density sensor, measured the density of the formation fluid
flowing in the flow line 180, and the measured density is
illustrated as a curve A in FIG. 6. A curve B in FIG. 6
illustrates the pressure created by a hydraulic pump such as,
for example, the pump 132 in FIG. 2. The outlet valve 174 is
repeatedly closed and then opened to cause at each closing an
increase in pressure at and a stalling of the hydraulic pump
132 (see the high hydraulic pressure spikes B2, B4, B6 and B8
of'the curve B in FIG. 6) and at each opening a rapid decrease
in pressure at the hydraulic pump 132 (see the low hydraulic
pressure segments B1, B3, B5, B7 and B9 ofthe curve B). The
low hydraulic pressure segments B3, B5, B7, and B9 corre-
spond to transient high flow rates of formation fluid at the
fluid sensor 144, and the density measured by the fluid sensor
144 increasingly improves as shown by the curve segments
A3, A5, A7 and A9. The progression of the curve A illustrates
that the low hydraulic pressure segments B3, B5, B7, and B9
correspond to the cleaning or removal of impurities from the
sensing surface of the fluid analyzer 144, and the measured
density at each of the subsequent respective curve segments
A3, A5, A7 and A9 is improved.

The method of closing and opening the outlet valve 174
while the pump 132 is operating may also be utilized to clean
flow line sensors when either some or all of the low-pressure
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sample chambers 155 of the multi-sample module 150 have
been utilized previously for the testing and/or sampling of
formation fluids or a downhole tool does not include low-
pressure sample chambers such as, for example, the low-
pressure sample chambers 155.

FIG. 7 is a schematic illustration of another example large
volume sample chamber 192 that may be utilized in the
example downhole tool 100 illustrated in FIG. 2. The large
volume sample chamber 192 is part of a cleaning module 190
that may be located in the example downhole tool 100 at
various locations such as, for example, adjacent the probe
module 120 as illustrated in FIG. 7. In FIG. 7, the large
volume sample chamber 192 is connected to the flow line 180
by a connecting line 193 having an isolation valve 194. An
opposite end of the sample chamber 192 is connected to the
borehole 110 (see FIG. 2) via a large volume connecting line
195 having a flow valve 196. The flow valve 196 may be
opened to permit the high pressure fluid in the borehole 110 to
flow into the sample chamber 192 and displace a piston 198
toward the connecting line 193 and the isolation valve 194.
Water, detergent, or another appropriate cleaning fluid 199 for
cleaning the sensing surfaces of the sensors 134,142, 172 and
144, is contained on an opposite side of the piston 198 within
the sample chamber 192. The cleaning fluid 199 may be
contained at either a low pressure or a high pressure within the
sample chamber 192.

When it is desired to clean one or more of the sensors 134,
142, 172 and 144 in the flow line 180, the flow valve 196 may
be opened to permit the high pressure fluid in the borehole
110 to flow through the connecting line 195 to the sample
chamber 192 to displace the piston 198. Concurrently, the
isolation valve 194 is opened to permit the cleaning fluid 199
to flow rapidly to the formation fluid in the connecting line
193, the flow line 180 and past the sensors 134, 142, 172 and
144 to the outlet 176. The transient high rate of flow of the
formation fluid within the flow line 180 will clean impurities
from the sensing surfaces of the sensors 134, 142, 172 and
144. Additionally, or alternatively if the flow rate of the fluid
from the borehole 110 is controlled (via partial opening of the
flow valve 196) to produce a lower transient rate of flow of
formation fluid, the cleaning fluid 199 such as, for example, a
detergent, from the sample chamber 192 will loosen or dis-
lodge the impurities at the sensors 134, 142, 172 and 144 to
enable the impurities to be removed by the flow of the forma-
tion fluid in the flow line 180. Of course, the flow valve 196
and the isolation valve 194 may each be opened and closed
more than one time to create a transient high rate of flow of the
cleaning fluid 199 and the formation fluid to clean or remove
impurities at one or more of the sensors 134, 142, 172 and
144.

Alternatively, if the cleaning fluid 199 is maintained under
high pressure in the sample chamber 192 (e.g., not requiring
the flow valve 196, the connecting line 195 and the piston
198), then the opening of the isolation valve 194 will permit
the cleaning fluid 199 to flow rapidly to the formation fluid in
the connecting line 193, the flow line 180 and past the sensors
134, 142, 172 and 144 to the outlet 176. The transient high
rate of flow of the formation fluid within the flow line 180 will
clean impurities from the sensing surfaces of the sensors 134,
142,172 and 144.

FIG. 8 is a flowchart illustrating an example method 200 to
remove impurities at a sensor in a downhole tool. At block
202, the example method 200 includes providing in a well-
bore (e.g., the well bore 110 in FIG. 2) a tool (e.g., the
example downhole tool 100 in FIGS. 2 and 7) having at least
one sensor for a flow line (e.g., the sensors 134, 142, 172 and
144 in FIG. 2 for the flow line 180 in FIGS. 2, 3 and 7), and a
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flow valve (e.g., the flow valves 156a,-f,, 156a,-f, in FIG. 3,
the flow valves 164 and 174 in FIG. 2, or the flow valve 196
in FIG. 7) in the flow line. The example method 200 includes
options illustrated at blocks 204, 206, 208 and 210. At block
204, the example method 200 includes optionally the tool
comprising at least one low-pressure chamber (e.g., the
example downhole tool 100 comprising the low-pressure
sample chambers 155a-f'in FIGS. 2 and 3, the large volume
sample chamber 164 in FIG. 2, or the large volume sample
chamber 192 in FIG. 7) connected to the flow line (e.g., the
flow line 180 in FIGS. 2, 3 and 7). A pump (e.g., the pump 132
in FIG. 2) may be operated to transmit formation fluid in the
flow line (e.g., the flow line 180 in FIGS. 2, 3 and 7), (block
206). The flow valve (e.g., the flow valve 174 in FIG. 2) may
be closed to stall the transmission of the formation fluid in the
flow line (e.g., the flow line 180 in FIG. 2), as shown at block
208. The block 210 illustrates the option to cease operation of
the pump (e.g., the pump 132 in FIG. 2). At the block 212, the
example method 200 then includes the opening of the flow
valve (e.g., the flow valves 156a,-f;, 156a,-f, in FIG. 3, the
flow valves 164 and 174 in FIG. 2, or the flow valve 196 in
FIG. 7) to create a transient high flow rate of a formation fluid
to remove impurities at the sensor (e.g., the sensors 134, 142,
172 and 144 in FIG. 2 for the flow line 180 in FIGS. 2, 3 and
7). The example method 200 then includes options at blocks
214,216,218 and 220. At optional block 214, formation fluid
is flowed into the low-pressure chamber (e.g., the low-pres-
sure sample chambers 155a-f in FIGS. 2 and 3, the large
volume sample chamber 164 in FIG. 2, or the large volume
sample chamber 192 in FIG. 7). Cleaning fluid (e.g., the
cleaning fluid 199 in the large volume sample chamber 192 of
FIG. 7) may be flowed from a chamber (e.g., the large volume
sample chamber 192 in FIG. 7) to the flow line (e.g., the flow
line 180 in FIG. 7), (block 216). At the optional block 218, the
flow valve is opened and closed at least twice (e.g., the flow
valves 156a,-f;, 156a,-f, in FIG. 3, the flow valves 164 and
174 in FIG. 2, or the flow valve 196 in FIG. 7) to create a
transient high flow rate of formation fluid. And at the optional
block 220, the tool (e.g., the example downhole tool 100 in
FIG. 2) comprises at least another flow valve and low-pres-
sure chamber (e.g., the flow valves 1564, -f,, 156a,-f, in FIG.
3 and the low-pressure sample chambers 155q-f'in FIGS. 2
and 3), and at least two flow valves (e.g., the flow valves
156a,-/,, 156a,-/,)) are opened serially.

Example apparatus and methods to remove impurities
from a sensor in an example downhole tool are described with
reference to the flowchart illustrated in FIG. 8. However,
persons of ordinary skill will readily appreciate that other
methods of implementing the example method may alterna-
tively be used. For example, the order of execution of the
blocks may be changed, and/or some of the blocks described
may be changed, eliminated, or combined.
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Although a certain example apparatus and methods have
been described herein, the scope of coverage of this patent is
not limited thereto. On the contrary, this patent covers all
methods, apparatus and articles of manufacture fairly falling
within the scope of the appended claims either literally or
under the doctrine of equivalents.

What is claimed is:

1. A method, comprising:

positioning a downhole tool in a wellbore penetrating a

subterranean formation, wherein the downhole tool
comprises a flow line, a sensor in the flow line, a valve
coupled to the flow line, and a probe configured to
receive fluid from the formation;

flowing the fluid received from the formation across the

sensor at a first flow rate with the valve at a closed
position;

opening the valve to allow the fluid received from the

formation through the probe to flow across the sensor at
a second flow rate that is higher than the first flow rate to
remove impurities at the sensor.

2. The method of claim 1 wherein the downhole tool com-
prises a low-pressure chamber including a piston having a
side subjected to approximately atmospheric pressure and
another side subjected to formation fluid pressure when the
valve is opened.

3. The method of claim 1 wherein the downhole tool com-
prises at least one low-pressure chamber connected to the
flow line.

4. The method of claim 3 further comprising flowing the
formation fluid into the low-pressure chamber.

5. The method of claim 3 further comprising displacing a
cleaning fluid from the low-pressure chamber into the flow
line.

6. The method of claim 1 wherein the downhole tool com-
prises a plurality of low-pressure chambers and a plurality of
valves, and wherein the method further comprises selectively
connecting at least one of the plurality of low-pressure cham-
bers to the flow line by opening at least one of the plurality of
valves.

7. The method of claim 6 further comprising operating at
least one isolation valve associated with the flow line to
isolate the at least one low-pressure chamber from at least
another of the low-pressure chambers before opening the at
least one valve.

8. The method of claim 6 further comprising serially open-
ing at least two of the valves.

9. The method of claim 1 wherein opening the valve is
performed while a pump is transmitting the formation fluid.

10. The method of claim 1 wherein the downhole tool is
configured to be conveyed within the wellbore via a wire line
or a drill string.



